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c 7?«r an€ * ® cm ^\ The thinnest tiles (20 cm square) were white and the 
others (15 cm square) were hlack. One specimen of each thickness had gaps of 
less than 0.1 cm between tile pieces and the other had gaps- of approximately 
0.15 cm. Each specimen contained at least one full uncut tile. Most of the 
tile pieces had 3x5 dot matrix Identification code characters stenciled on 
theie - black on the white tiles and yellow on the black tiles - The 5-cm-thtck 
specimen with large gaps had. a filler material that appeared. to be folded glass 
fabric In. the gaps, with the fold at the exposed surface. Figures l to 9 show 
edges and faces of the six. specimens. Capacitances measured from a conductive 
sheet placed on the tiles to the aluminum substrate were approximately 75 df 

Ini I2] e , s P ec1me «s. 50 pF for the 2-1/2 -cm- thick specimens, 

and 30 pF for the 5-cm-thlck specimens. 

CONFIGURATION AND TESTS 

The specimens were tested Individually In the 2-m-long by 2-m-dlameter 
electron bombardment test facility (ref. 5). They were mounted approximately 
1.2 m from the electron source with the specimen's face normal to the source- 
target axis. The substrate was supported on luclte posts so that tests could 
be conducted with the substrate floating as well as grounded. In the grounded 
substrate configuration an electrometer was used to monitor substrate current 
conectlon. The edges and rear of the substrate, which were not covered with 
shuttle tiles, were covered with Kapton to minimize the substrate's collection 
surface Cl6S ° ther tban tbe beam e l ectr °o$ Intercepted by the Irradiated 

The capacitance measured between- the substrate and. Its vacuum, chamber envi- 
ronment was approximately 20 pF. This would also be an- upper limit to the 

; a| >« $e tw fen the exposed tile face and the chamber environment 

In parallel with the 30- to 75-pF capacitance across the tile to the substrate. 

Noncontacting electrostatic voltage probes were used to measure potentials 
across the tile surface and on the substrate when It was floating. For early 
tests a single probe was available and was swept across the tile surface at a 
separation of approximately 0.2 cm. When the substrate was floating, a small 
patch of metal connected to the substrate was placed In the path of the probe 
In order - monitor the substrate's potential. The patch was shielded from 
direct In tv :ept1on of beam electrons, but the substrate was less well Isolated 
from other particles In Its environment. For later tests a second probe con- 
tinuously monitored the-substrate from behind. 

C ?n Sl iJ ed ^n f ex P° s1n 9 the specimens to monoenergetlc electron 
beams of 2-,5-,10-,15-,20-, and 25-keV energy with nominal fluxes of 0.1 and 

P* es f* te <l tereln consist of current to the specimen sub- 
an e ] ectrometer * potential profiles across the sample obtained 
by periodically sweeping a noncontacting voltage probe across the specimen's 

an J i* rae : ex P° sure photographs of the Irradiated surface made with a cam- 
era located outside one of the vacuum chamber windows. 

RESULTS 

S p1ca l 4 . test be ? an w1th ex P° sure of the specimen to the electron beam 
while the voltage probe was sweeping across the tile surface. This gave an 
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Indication- of the charging rate of the uncharged surface during the initial 
seconds- of exposure. A single point on the surface could not be monitored, 
continuously as the presence of the voltage probe would shield that poiht from 
charging by the electron beam. Generally the tile surface was- charged to 
nearly Its equil-lbrlum potential In less than 1 min f-rom the time of initial- 
exposure. Figure 10 Illustrates the charging behavior, it shows the charging 
of one of the thinnest, highest capacitance specimens for two electron beams 
with order- of -magnitude different fluxes. As would be expected, there Is ap- 
proximately an order-of -magnitude difference in the time taken to reach a given 
potential in the two beams. Figure 11 presents the equilibrium surface poten- 
tials as a function of beam-energy for the six specimens. The range of poten- 
tials observed across a specimen's surface Is Indicated by symbols Joined with 
a vertical line. The charging of the tile surfaces to within 2 k V of the ueam 
accelerating potential suggests that the secondary electron emission coeffi- 
clent'-s second crossing of unity occurs at approximately 2 kV (ref. 6). 

Table I presents the substrate currents for the six specimens at the ends of 
the tests. 

An Interesting observation made In some of the tests was that the potential 
of the dot matrix characters on the tile was Sometimes greater than the beam 
accelerating potential. This could conceivably occur If the secondary electron 
coefficient of the character paint were sufficiently less than that of the sur- 
rounding tile. The characters would, rapidly charge negative relative to the 
surrounding tile. Then If the charging rate of the surrounding tile were rapid 
enough, the potential difference between the characters and tile could be main- 
tained, carrying the characters- to potentials greater than the beam accelerat- 
ing potential. This kind of behavior has been observed In the charging of 
dielectrics on metallic substrates that were initially grounded and then per- 
mitted to float (ref. 7). 

Figure 12, a 15-mln time-exposure photograph for a 25-keV, 1-nA/cm 2 Irradi- 
ation, shows the optical evidence of discharging that takes place on the tile 
surfaces with the substrate grounded. The activity was not visible to the eye 
and was not apparent In the substrate current being monitored. The fuzzy Illu- 
mination along the gaps between tiles was barely evident In the photograph made 
at 15 keV and 1 nA/cm 2 but became brighter with Increasing beam energy. 
Fifteen-minute time exposures made with the electron flux at 0.1 nA/cm 2 do not 
show the discharging along the gaps. Photographs with an order-of-magnltude 
longer exposure were not attempted since the discharging activity was not the 
only source of light In the chamber: the electron gun, though designed to 

minimize It, produced a low level of Illumination. The activity along the tile 
gaps could be reduced by Inserting a dielectric barrier In the gap, as was done 
with the 1-1/4-cm-thlck specimen having the wide gaps between tiles. Figure 13 
shows the locations of the barrier materials as- well as time-exposure photo- 
graphs made before and after addition of the barriers. 

Results from tests with the substrate floating seem to Indicate that the 
discharging was dependent on the potential difference across the tile from Its 
exposed face to Its substrate. In all of those tests, the one specimen that 
did not exhibit the optical evidence of discharging was the one for which that 
potential difference never exceeded 3 kV. The other five specimens produced 
evidence of discharging In the 15- to 25-keV beam energy range, where the 
surface-to-substrate potential difference usually exceeded 10 kV. Some photo- 
graphs showed discharging taking place along the outer edges of the specimens 
as well as along the gaps between tiles. None of the photographs Indicated 
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Figure 8. - Face of 5-cm -thick tile specimen E. Figure 9. - Face ot 5-cm-thick tile specimen H. 
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Figure 10. - Electron beam charging of 1-1/4-cm-thick shuttle tile specimens - in-keV 
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Figure 11. - Potential as a function of beam energy. Flux. 1 nA/cm 2 
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Figure 12. - Time exposure of discharging along shuttle tile gaps. 
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fa) Location of Kapton and Teflon gap barrier strips. 



<t» Discharging before instal- lc> Discharging after instal- 
lation of dielectric gap fillers. lation of dielectric gap fillers. 

Figure 13. - Barrier strips. 
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Figure 14. • Potential as a function of beam energy - floating substrate. 
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